Studies on Cholesterol and Cholesterol Esters in Skin Surface Fats1  by Windhorst, Dorothy B. & Foster, Roscoe C.
STUDIES ON CHOLESTEROL AND CHOLESTEROL ESTERS
IN SKIN SURFACE FATS*
DOROTHY B. WINDHORST, M.D.* AND ROSCOE C. FOSTER, JE., B.S.T
The ability of the skin to synthesize cholesterol from two-carbon fragments
has been well demonstrated (1, 2). There is even some indication that skin may
be one of the most efficient organs in synthesizing cholesterol (1). Also, as has
been shown by Kooyman (3), free cholesterol is esterified by epidermal tissues.
The cholesterol content of surface lipids and the relation of free to esterified
cholesterol therein has been the subject of numerous studies both under normal
and pathological conditions (4). However, the available data are difficult to
interpret, possibly because of methodological difficulties, possibly because the
normal variations according to age, sex and body regions have not been suffi-
ciently studied.
In the present work, an attempt was made to study some of these normal
variations. A method was used by which the free and esterified sterol fractions
of surface fats were separated by column chromatography and the sterol content
in both portions estimated by the Liebermann-Burchard color reaction. It is
evident that even here we are not dealing with pure cholesterol and pure cho-
lesterol esters, since closely related sterols give the same color reaction as does
cholesterol in the Liebermann-Burchard reaction (5). But in all probability these
are compounds closely related to cholesterol and having common metabolic
pathways. One may assume that their esterification is effected by enzymes
similar to the enzymes esterifying cholesterol.
MATERIALS AND METHODS
Collection of Samples
Surface lipids were collected from scalp, chest, and back.
Ether-extractable fat from the scalps of adult volunteers was collected by immersing
the crown of the head in ethert according to the method of Bloom et al (6). The subjects
were free of skin disease except one, who had a contact dermatitis of the hands. Men sub-
jects have been arranged in groups according to whether they did or did not have male-
pattern baldness.
The first dippings were done 24 hours after shampooing the scalp with tincture of green
soap and warm water and rising with four liters of distilled water. The ether-soakings were
then repeated on two subsequent days at 24 hour intervals. The data given here represent
the values obtained from the second 24-hour sample on each individual.
The ether was immediately removed from the collected fat by distillation under an
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TABLE I
Scheme of chromatography
Fraction
Number Eluent
Subtractions
Volume Description
1 Petroleum
Ether
cc
10)
iof
Negative Liebermann-Burchard test
2 5% Ether in
Petroleum
Ether
50)
iof
10
Contains all the sterol esters
Negative Liebermann-Burchard test
3 20% Ether in
Petroleum
Ether or
100% Ether
40
1O
ioJ
10
Contains all the free sterols
Negative Liebermann-Burchard test
atmosphere of nitrogen taking care not to overheat the fat. The individual samples were
weighed and stored under nitrogen until they could be analyzed.
Lipid from glabrous skin was obtained by daily wipings of the chest and back from the
level of the clavicles to below the waist, between the anterior axillary lines in front, and
the posterior axillary lines in back. The first wiping was done 24 hours after bathing, and two
subsequent wipings were taken at 24-hour intervals without further bathing. The wipings
were made with ether-dipped cotton balls which had previously been made fat free by
extraction with warm acetone and benzene. After use, the pledgets were immediately
covered with petroleum ether to reduce oxidation. After extraction with petroleum ether
and distillation, the lipid was handled as was the scalp fat. Every effort was made to obtain
wipings from the glabrous skin on each individual at the time the head was dipped. Here,
too, the second day's collection was arbitrarily selected for inclusion in the final results.
Chrometogrephy*
Separation of sterols from their esters was accomplished by chromatography on Alumina
(Merck's "Suitable for Chromatographic Analysis"). The material was applied to the
column in a small amount of petroleum ether. The following eluents were used: 1. petroleum
ether, 2. 5% ether in petroleum ether, and 3. 20% ether in petroleum ether. Fraction 2 con-
tained all the sterol esters, and the free sterols appeared in fraction 3. A sharper recovery
of the free portion could be obtained if 100% ether was used for fraction 3 instead of 20%
ether in petroleum ether, and this was applied in many instances (Table I).
Work in our laboratory has shown that separation of free cholesterol and cholesterol
palmitate on such a column is quantitative and recovery of both is complete. Numerous
determinations have demonstrated absence of significant Liebermann-Burchard color in
the last 10 cc of fraction 2. If only cholesterol palmitate was on the column, no Liebermann-
Burchard color appeared in fraction 3, indicating that during chromatography, hydrolysis
of the esters did not occur.
When the total lipid sample is applied to the column, as has been done in this work,
a high ratio of alumina to fat must be used, approximately 50:1 by weight. Fat samples
as low at 30 to 50 milligrams total fat (approximately 1 milligram total sterols) may be
chromatographed with results ranging within 4% of duplicate determinations. If more
* For a discussion and references regarding the usc of alumina in separating free and
esterified sterols, see Kerr and Bauld (7).
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than about 100 milligrams of total fat is applied, the size of the eluents must be increased
accordingly.
Spectro photometric Determinations
The chromatographic fractions were analyzed by a modified Schoenheimer-Sperry
method. A standard curve was prepared using cholesterol (m.p. 148°—149°C) which had been
purified from the dibromide derivative, recrystallized, and chromatographed. The free
sterol fraction of the surface fats was quantitatively dissolved in 10 cc of glacial acetic
acid. A chilled mixture of sulfuric acid (Analytical Reagent Grade) and Merck's acetic
anhydride, 1:20, was added to aliquots of the unknowns in a ratio of 2:1. Timing was started
at this point. Color developed in a water bath at 25°C under normal laboratory lighting.
Maximum optical density, usually reached by 38 minutes, was read at 625 mi on a model
Beckman DU spectrophotometer. The cell of the spectrophotometer was cooled by means
of water circulating through a coil.
In earlier determinations, the sterol esters were first saponified by refiuxing for 2 hours
in a 10% alcoholic ROll solution. The unsaponifiable matter containing the liberated sterols
TABLE II
Analysis of scalp surface lipids
Re A e Amount of Weight 24 hour Percent Percent Percent Free/Esterg Balding Sample Total Sterol Free Sterol Ester Sterol° Ratio
Men
02
P2
L2
Rh2
Har
Kri
P2
Ki
Tho
Ka2
S2
M2
R2
C2
Sh2
29
33
32
44
49
22
28
23
30
29
38
31
28
25
25
-f---+
+++
+++
+++
+++
+
+
+
+
—
—
—
—
—
—
Gm
0.3802
0.6591
0.1150
0.3657
0.3685
0.3081
0.4459
0.3079
0.2430
0.2259
0.2962
0.5334
0.3007
0.2070
0.5043
2.7
2.2
2.5
2.2
1.7
2.4
2.4
2.8
2.7
3.3
2.9
2.1
3.1
3.5
2.8
0.9
0.7
0.9
0.8
0.6
0.9
1.0
1.1
0.9
1.8
1.2
0.9
1.5
2.0
1.0
1.8
1.5
1.6
1.4
1.1
1.5
1.4
1.7
1.8
1.5
1.7
1.2
1.6
1.5
1.8
0.5
0.5
0.5
0.6
0.6
0.6
0.7
0.7
0.5
0.8
0.7
0.7
0.9
1.3
0.6
Women
Rn2
Sm2
G2
Thu
Win
Wer
48
23
28
23
28
18
0.3570
0.2527
0.1997
0.2041
0.2776
0.2790
2.1
3.4
2.8
3.9
2.9
5.1
0.6
1.3
1.3
1.8
1.5
2.8
1.5
2.1
1.5
2.1
1.4
2.3
0.4
0.6
0.9
0.9
1.0
1.2
* Expressed as free cholesterol.
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was then extracted with petroleum ether and rechromatographed. The recovered sterols
were then analyzed spectrophotometrically as above. To avoid the inherent difficulties and
possible loss of material with this technic, a new method was adopted whereby the sterol
esters were determined directly on the spectrophotometer using cholesterol palmitate as
the standard. Kerr and Bauld (7) have shown that all cholesterol esters give the same rela-
tively higher and faster-developing color independently of the esterifying acid, so that
the use of a single pure ester as standard for what is undoubtedly a complex mixture is
iustified.
It was necessary to use a 1:1 chloroform-acetic acid mixture to dissolve the esters com-
pletely for colorimetry. Otherwise, the procedure for the esters was as for the free sterols,
maximum optical density being taken as the end point in both instances. While for the free
sterol portion this was usually reached by 38 minutes, maximum color development by the
esters required 15 to 20 minutes.
Esterified sterol values, expressed as cholesterol, obtained by this direct method run
consistently higher than those obtained after saponifying and re-chromatographing. This is
TABLE III
Analysis of glabrous skirt lipids
Ke A e Amount of Weight 24 hour Percent Percent Percent Free/Esterg Balding Sample Total Sterol Free Sterol Ester Sterol* Ratio
Men
02(S)f
Pro(C)
Pr2(B)
L5(C)
L2(B)
Rh2(S)
liar(S)
P2(C)
P2(B)
Ka(S)
S2(S)
M1(S)
R2(C)
1t2(B)
C2(C)
C2(B)
Sh2(S)
29
33
32
44
49
28
29
38
31
28
25
25
+++
----
-++
+++
+++
+
—
—
—
—
—
—
Gm
0.0441
0.0683
0.0453
0.0266
0.0590
0.0391
0.25991
0.0273
0.0425
0.0308
0.0450
0.0455
0.0225
0.0330
0.0338
0.0321
0.0797
3.4
2.6
2.8
2.5
2.3
2.9
2.0
2.4
2.2
3.3
2.4
2.7
2.1
1.6
2.1
1.5
2.6
1.5
0.7
0.8
1.1
0.7
1.1
0.9
1.1
0.9
1.4
1.0
1.0
1.1
0.7
1.0
0.6
1.0
1.9
1.9
2.0
1.4
1.6
1.8
1.1
1.4
1.3
1.9
1.4
1.7
1.0
0.9
1.1
0.9
1.6
0.8
0.4
0.4
0.8
0.7
0.6
0.8
0.8
0.7
0.8
0.7
0.6
1.1
0.7
1.0
0.7
0.6
Women
Sins(S)
Kn2(S)
C2(S)
Win(S)
Wer(S)
23
48
28
28
18
0.0406
0.0432
0.0493
0.1074
0.26061
2.2
2.9
3.0
1.9
2.5
0.8
1.2
1.5
1.1
1.2
1.4
1.7
1.5
0.8
1.3
0.6
0.7
1.0
1.3
0.9
* Expressed as free cholesterol
t C—Chest, B—back, S—chest and back combined
Combined 72 hour specimen
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probably due to losses in the latter procedure. Eight samples from the chromatography
column were determined by both methods, one-fifth of each being used for direct color-
imetry, and four-fifths of each being saponified, rechromatographed, and determined as
the free sterol. On the average, the direct method gave results 128% of the technic involving
saponification. A few earlier samples, where aliquots were no longer available, have been
corrected by this factor and included in the data.
RESULTS
Tables II and III give the complete set of determinations. Among other data,
Table II shows that the amount of the 24 hour samples collected from the scalp
varies greatly. Bloom et al. (6) have shown that this variability is primarily an
individual factor. In our experiments, no effort was made to measure the surface
area immersed into the ether, and the loss of lipids to the bed clothes at night
was not taken into account. Therefore, our data on total amounts of fat do not
permit any conclusion as to the relative seborrhea of the subjects.
The overall total sterols percentage as determined by the method described
is lower than that found by earlier workers (8, 9, 10). Also in contrast to previous
work, the present study shows women to have, on the average, a higher percent-
age total sterols in scalp fat than men (3.4 as compared to 2.6). Statistical analy-
sis has shown this difference to be highly significant. Non-balding men average
more total sterols in scalp fat than do balding men (3.0 and 2.3 respectively).
This difference, too, is significant, though at a lower level than the male-female
differences. In surface fats of glabrous skin, no such trend could be discovered
(Table IV). The differences between these results and those in previous papers
are undoubtedly due to the different methods used for analysis.
TABLE IV
Average percent total sterol in surface fats
Scalp
No. Cases
Average Range
5 2.3 1.7—2.7
4 2.6 2.4—2.8
6 3.0 2.9—3.5
6 3.4 2.1—5.1
No. Cases
5
6
5
Glabrous Skin
Average
2.6
2.3
2.5
Range
2.0—3.4
1.6—3.3
1.9—3.0
Balding Men
Temporal Recession
Non-balding Men
Women
TABLE V
Average percent free and esterified sterol in scalp fat
No.
Cases
Percent Free Percent Ester* Free/Ester Ratio
Average Range Average
I
Range Average Range
BaldingMen
Temporal Recession
Noii-BaldingMen
Women
5
4
6
6
0.8
1.0
1.4
1.6
0.6-0.9
0.9—1.1
0.9—2.0
0.6—2.8
1.3
1.6
1.6
1.8
1.1—1.8
1.4—1.8
1.4—1.8
1.4—2.3
0.5
0.6
0.8
0.8
0.5—0.6
0.5—0.7
0.5—1.3
0.4—1.2
* Expressed as free cholesterol
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TABLE VI
Average percent free and esterified sterol in fat from glabrous skin
Percent FreeNo.
Cases
Average Range
Percent Ester
Average Range
Free/Ester Ratio
Average Range
Balding Men 5 1.0 0.7—1.5
Non-Balding Men 6 0.9 0.6—1.4
Women 5 1.2 0.8—1.5
1.7 1.4—2.0
1.3 0.9—1.9
1.3 0.8—1.7
0.7 0.4—0.8
0.8 0.6—1.1
0.9 0.6—1.3
* Expressed as free cholesterol
It is interesting to note that Nicolaides and Rothman (8) demonstrated the
cholesterol content in fat extracted from cut hair of pre-pubertal boys to be at
least three times that of adult men and women. Thus it appears that there is a
decreasing concentration of scalp surface sterols in the following order: pre-
pubertal boys, women, non-balding men, balding men.
If the free and esterified components of the total sterols are studied (Table V),
it is seen that the ester portions of the scalp fat are relatively stable among the
subgroupings, while much variation occurs in the free sterol fraction. Thus the
variations in total sterol content are reflections of variations in the free sterol
portion primarily. The latter averages 0.8 % in balding men as compared with
1.6% in women. Again, these differences are statistically significant. Corre-
spondingly, the average free sterol/ester sterol ratio is much lower in balding
men (0.52) than in non-balding men and women (0.84, 0.82). Fat collected from
non-hairy skin does not show these variations (Table VI).
DISCUSSION
The lipid film of the skin surface derives from the keratinizing epidermis and
the sebaceous glands (4). The bulk of cholesterol stems from the keratinizing
epidermis. Thus, the concentration of cholesterol in an ether extract of the skin
surface will be an expression of the relative rate of production of both sebum
and keratinized cells.
In this work, we have demonstrated that the amount of total sterols in scalp
fat is lower in balding men as compared to non-balding men and to women.
This may mean simply that balding individuals have an increase in sebaceous
gland secretions which is poor in cholesterol; or conversely, they may have a
relative decrease in epidermal contribution. The latter possibility, a relative
decrease in keratinization in balding men, is attractive since balding scalps
universally show a decrease in one form of keratinization—hair formation.
The esterified portion of the total sterols has been shown to be present in rela-
tively constant amounts in the scalp surface fat of all individuals, both in balding
men and non-balding men as well as in women. There is also indication that this
fraction in lipid from non-hairy skin is about the same as that in the scalp fat
(Table VI). All this could well mean that the esterification mechanism of sterols
in the skin surface lipids is under control of a system which operates inde-
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pendently of local factors, particularly independently of male-pattern balding.
Also, it is remarkable that the concentration of sterol esters is independent of
the total amount of sterols.
Except for the esterified portion, the sterols derived from glabrous skin do not
follow the pattern of those of the scalp. The differences in the free and total
sterols in scalp fat observed between balding and non-balding individuals must
therefore be a true reflection of local change.
The factor of age is an important consideration. As can be seen in Table II,
the oldest subjects in any subgroup have the lower total and free sterol values
in the fat from the scalp. If this trend is primarily evidence for aging rather than
for balding, then one may say that younger balding males show a sign of pre-
mature aging in this respect.
SUMMARY
1. A modified technic for chromatography of whole skin surface fat and subse-
quent colorimetric determination of the free and esterified sterols is described.
2. This method has been applied to scalp lipid and glabrous skin lipid obtained
from normal adult volunteers.
3. In the scalp surface fats, total sterols and free sterols were found to have
the lowest concentration in balding men and the highest concentration in women,
with non-balding men occupying an intermediate position. No such trend was
present in fat from glabrous skin.
4. The esterified portion of the sterols was found to represent a fairly constant
part of the total fat in all samples, both from the scalp and from the glabrous
skin.
5. A discussion of the possible significance of these findings is presented.
The authors are indebted to Dr. N. Nicolaides and to Dr. Stephen Rothman
for their suggestions. Ivan M. Cutukovic and David W. Sher provided the neces-
sary technical assistance.
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